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HYDROGEOLOGIC DATA RRLATED TO ESTABLISHMENT OF A PUMPING
STATION IN THE EVERGLADES NATIONAL PARK, FLORIDA
By
C. A. Appel and H., Klein
INTRODUCTION

Water- control works constructed north of the Everglades National
Park.sinée its establishment have changed the amount and-seasonal
distribution of water replenishment to the Park from the north., A
long period of below average rainfall cn the Park since 1961, super-
imposéd on the effects of the man-made works has resulted in hydro-
.logic conditions that the U.S. National Park Service considers detri-
mental to the plant and animal 1ife in the Park,

The feasibility of maintaining certain hydrologie conditionsrﬁy
artificial development and contrel of water at selected areas in tﬁe
Park is now being studied by the U.S. National Park Service. One plan
under consideration involves furniéhing‘water at the rate of 100 cfs
(cubic feet per second) to the upper part of the Shark River Slough in
the northeast area of the Park during critical dry periods. in con-
nection with this study the?National Park Service requested the U.S,
Geological Survey to determine if a proposed water-collection gallery,

about 4000 feet long near the northeast corner of the Park (fig. 1),

Figure 1.--Caption on next page (belongs near here),

could Yield water at a rate of 100 cfs continuously for as loag as

100 days,




Figure 1.-~Map of southern Florida showing Everglades National Park and
the locations of the sites to be considered for a water

collection gallery.
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The 100-cfs rate is equal to about 4 times the minimum monthly
surface-water inflow toward the Park, and about one-third the average
annual surface flow toward the Park as determined from discharge

measurements made before construction of control works immediately

north of the Park.




The site at the northeasf corner of the boundary of the Park was
selécted because it was presumed that most of the water pumped from a
gallery there would receive replenishment by ground-water flow from
Conlerv;tion Area 3A (fig. 1) where the water levels are generally
higher than those in the Park. However, core holes and other infor-
mation furnished by the Corps of Engineers indicated that the trans-
missibility of the water-table aquifer at the northeast corner of the
Park might not be adequate to permit sufficient quantities of water
to be induced to a galler} of reasonable dimensions from Conservatilon
A;ea BA; Thus, the National Park Service requested the U.S. Geologicai
Survey also to investigate an alternate site’{(fig. 1} along the easter:
boundary 6f the Park 8 to 10 miles south of the Tamiami Canal. The
alternate site was selected because preliminary tests, by the Corps ot
Engineers, along the eastern boundary indicated that the transmissi-
bility of the water-table aquifer is relatively low froﬁ the Tamiami
Canal southward for about 8 miles and thén'increases considerably,
southward.

This report presents ﬁhe results of hydrogeolegic tests at thé
proposed site at the northeast corner of the Park and at the alternat.
site along the eastern boundary. It gives estimates af the length of
gallery that would be required at each site to obtain the sustained
yleld of 100 c¢fs for as long as 100 days. Estimates are made conceriig
the effect that pumping from a gallery alohg the eastern Park bouadar:
might have on the water levels in the aguifer in the area surroundin,.

the gallery.



RESULTS OF HYDROGEOLOGIC TESTS ALONG NORTH PARK BOUNDARY

Eighteen exploratory holes were drilled along old U. 5. High-
wiy 41 to detetmine the thickness and hydraulic characteristics of the
materials that would be penetfated by a gallery 20 feet deep. Seven-
teen of thé holes were drilled along the northern boundary of the Park

(fig. 2). The eighteenth hole was drilled 7 miles east of the Park

Figure 2.--Caption on next page (belongs near here).

boundary where it was known that the Biscayne aquifer is present and
is highly permeable. The holes were drilled 9 inches in diameter by
rotary method and rock cuttings were brought to the surface by
forcing compressed air through the bottom of the drillrpipe. The

- drilling fluid used was water picked up from the aquifer during the
course of drilling the hole, The reiativé permeability of the dif
ferent sections was observed by noting - the increase in the quantity
of water brought to the surface by the compressed ailr as each well

was being drilled.
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Figure 2.--Map showing the location of exploratory holes drilled along

the northern Park boundary.




Prilling bégan with a serles ofrc105e1y-spaced holes exfendiug
westward from the northeastern corner of the Park, because this was
.the‘preEErred area for the pumping installation. It was apparent froe
the outset that the limestone material composing the water-table aquifer
at that location was nut of sufficlent permeability to yield the ve-
quired 100 cfs from a Q,OOO;foét gallery, The uppermost 10 to 12 feet
.of materials, extending fn depths slightly below sea level, failed to
yield large quantities of water under compressed-air drilling. Drii-
ling continued westward on a wider spacing to determine if any high
pérmeability material could be located that would be capable of yieldi:ug

100 cfs from a collection gallery.



A generalized subsurface section showing the thickness and rele-
tive permeability of the limestone of the shallow aquifer along U.S.

Highway 41 1s presented In figure 3, During the drilling of each of

Figure 3.--Caption on next page (belongs near here).

the 17 holes along the north boundary liFt;e or no water was yielded
until 10 or more feet of limestone was penetrated. The bottom 2 to 5
feét proved to be the only section that would yield enough water to
bring rock cuttings to the surface by air 1ift, In general, the wate:
yield increased to the west owing to the fact that the bottom section
5: high permeability increased in thickness from 2 feet to about
5 feet, The yileld of eéch hole during drilling was less than 250 gpm
(gallons per minute), _ B

Information from well lBﬁ; 7 miles east of the Park‘boundary,
showed that the rock there was similar in character to highly pérmeable
sections of the Biscayne aquifer in the Hiami area farther east, "
Highly permeable limestone wasg penetraﬁed about 5 feet below the land

surface, and the water yileld continued to Increase to the bottom of

the limestone - material, a depth of 35 feet. At that depth the well

was yielding about 2,000 gpm.




Figure 3.,--Generalized section of the near-surface aquifer along U, S,

Highway 41 showing the thickness of the zones of different

relative permeabilities,




Pumping tests were made on 10 of the 17 wells drilled aiong the
north Park boundary. The other 7 wells could not be tested because
gurface f£ill caved into the holes, Each of the tested weils was pumped
at a §onstant rate and water levels were measured in the.well until the
water level had stabilized. Pumping rates ranged from 150 gpm to 210
gpm. Stabilization of the water levels in each test occurred after
about 30 minutés of pumping. Drawdowns of water level ranged from 1.6
feet to 6.3 feet, .From the drawdowns and.pumping rates, computations
were made to determine the specific capacity of each well, The specific
capacity 1s expressed as gallons per minute yilelded by the well for each
foot of drawdown of water level inithe well. The specific capacity of
a well is indicative of the water—beariné cha;acteristics of the aquifer
from which it obtains its yield. A high specific capacity indicates
a relatively high.transmissibility for an dquifer, whereas, a low
specific capacity indicates a relatively low transmissibility.

TheISPecific capacities of the test wells along the north boundary,
excluding well 4, rangéd from 24Agpm/ft to 53 gpm/fﬁ, and ﬁveraged
about 35 gpm/ft, of drawdown (fig. 2). The specific capacity of well
4 was 120 gpm/ft, The relatively high specific cepacity of well 4
represents a local condition that probably reflects the effects of
heavy blasting and rock excavation during construction of the nearby

floodway of the & 12D controi structure.



Well 18&, 7 miles east of the Park boundary, was pumped'at a raté of
about 325 gpm, One minute after pumping began tﬁe.water level in the
well had stabilized and the drawdown was measured ac.0.35 foot, The
value‘for specific capacity was computed to be 930 gpm/ft, or 26 times
the average specific capacity that characterized the wells along the northern
boundary of the Park,

The coefficient of transmissibility_of a homogeneous areally ex-
tensive aquifer can be estimated from the specific capacity of a weil
after any_pumping period if the coefficient of storage of the aquifer
is known. Although the coefficient of storagé of the water-table aquifer
along the north park boundary has not been determined exactly, the
fuhctional relationship between specific'capacity, transmissibility, and
the storage coefficient is such khat ;;latively large errors in the - |
estimated coefficient of storage result in comparatively small errors in
the ccefficient of transmissibility estimated from spécific capacity data.
Based on the known geologic conditions and water-level fluctuations in

~response to rainfall in this areé, a coefficient of storage of 0.15 1s

assumed for the aquifer, for the purpose of estimating transmissibility

from the specific capacity data,




Based on the specific capacity data and the assumed storage co=
efficient the following estimates of the transmissibility were made of
the limestone section of the aquifer along the northern Park boundary,

(£ig. 4).

Figure 4,~-~Cap tion on next page (belongs near here).

Estimated coefficient

of transmissibility"

Well Number (see fig.4) epd/ft
| 1N 46,000
3N ' 20, 000

4 N 145,000

[ , 55,000

16 N | 30, 000

The average coefficilent of transmissibility of the limestone section of
the aquifer along the northern Park boundary is estimated to be between
35,000 and 50,000 gpd/ft, whereas, that estimated from the specific

capacity of 18N, 7 miles east of the Park boundary, is about 1,400,000
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i Figure 4 .,--Map showing the transmissibility of the limestone section

of the Biscayne aquifer at selected sites in and near the

Everglades National Park.
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A pumping test also was made at the rockpit near the S-12B contrdl_
structure near the 7-Mile Road (fig. 2). The approximate dimensions of
the rockpit are showm in figure 5. The pit is 18 feet deep and probably

completely penetrates the aquifer. The pit was pumped for 4 days, and

Figure 5.,~-Caption on next page (bélongs near here),

water—lével measurements were made to determine the drawdown in the pit.
The maximum pumping rate.was 1800 gpm, but, because of breakdowns and
frequent servicing and adjustménts, the average rate waé estimated at
about 1400 gpm. Water was pumped f;Om the northwest corner of the pit
and discharged across the road in order to reduce the return of surface

flow.



Figure 5,~-Map showing location and configuration of the fockpit near

- 7-Mile Road at which a pumping test was conducted.
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| After the pit was pumped for 14 hours at the rate of 1800-gpm
(drawdown 0.6 foot), the pumpigg rate was reduced to 400 gpm for
a 12-hour interval in order to make repairs on the suction pipe.
Througﬁout the 12-hour interval the water level stabilized (at 0.6
foot drawdown) indicating that 400 gpm was the approximate ground~
water inflow to the pit., The total drawdown measured in thé pit after
4 days of pumping was 3,62 feet, During the final 5 hours of pumping
the water level was being drawn do@n at a constant rate of about 0.03
foot per hour, The relation of the water level drawdown with the
pumpiﬁg suggests that the aquifer fransmissibility is relaﬁively low,

| Because the amount of water taken from aquifer storage is not
known, a definite value of the aquifer traésmissibility could not
be determined. Nevertheless, the rate of change of the drawdown
during the test strongly suggeéts that the sustained yield of the
pit would be less than 1500 gpm with a drawdown in the pit of 7 feet,
Considering the relatively large area of aquifer expoéed in the pit
(perimeter of about 4000 feet) and its performance during the pﬁmping
test, the aquifer transmissibility is probably about the same order

of magnitude as estimated for the area along the nerth Park boundary,



If the average coefficient of transmissibility of the limestone
along the northern Park Bounﬁary were as high as 50,000 gpd/ff, the
amount_bf underseepage from Conservation Area 3 to a gallery 4,000
feet long would be far less than the desired amount based on the
following computations, For this computation it was assumed that
the flow from the Tamiami Canal, between Conservation Area 3A and

‘

the old ﬁ.S. Highway 41 {(fig. 2), to the gallery would be negligible

because of the relatively low permeable materials that line the

canal bottom in many places,




It is estimated that no more than an 8,000-foot section of
Conservation Area 3 parallel to the gallery would contribute flow
to the north side of a 4,000-foot gallery located 600 feet to the
south, ‘The flow into the north side of the gallery from this part
of the Conservation area would be given approximately by:

\ Q = TIL, where

Q@ = Quantity of underseepage, in gpd, mnﬁiﬁg from the
8;000~foot section of Conservation Area 3 to the
éallery,

T = Coefficient of tramsmissibility, in gpd/ft

i.ﬁ Average hydragulic gradient, between Conservation
Area 3 and the gallery in ft/ft

L = Average of the length of the gallery and the
length of the section of ﬁhe bonservation Area

contributing flow, in feet,

and, in particular

Q = (50,000) (8 ) (4000 + 8000) = 4,000,000 gpd or 6.2 cfs
600 2 :

The 8=foot difference in head is based on the assumption that the
water level in Conservation Area 3 will remain at a constant ele-
vation of 8 feet above msl (mean sea level) and the water level

in the gallery would be maintained at msl by pumping.

2!



The flcw.from,the other sections of Conservation Area 3 to the
ends and to the south side of the gallery from thé Park would be at
most an estimated 1,500,000 gpd. Thus, a maximum of about 3,500,000
gpd or-8.5 cfs fould be withdrawn from a gallery 4000 feet long io—
cated 600 feet south of Conservation Area 3 in response to a head
difference of 8 feet. |

The Tamiami_Canai, adjacent to the old U.S., Highway 41, could
be used as the infiltration gallery, rather than constructing one,
if provisions were made to assure good hydraulic commection between
the canal and the aquifer. It was computed that if a gallery were
formed by cleosing off the canal at the east Park boundary and at
about 3 miles west of 40-mile Bend {fig. 3), to prevent surface
inflow, about 33,000,000 gpd (50 cfs) could be induced to the-gallery
from Conservation Area 3A, This computation also assumed a coefficient
of transmissibility of 50,000 gpd/ft and a hgad difference of B feet
‘between Coﬁservation Area 3A and the gailery. Ficw into the gal-
lery from other areaswould occur, but would amount to but a small
fraction of that obtained from Area 3A, Algal growth in the canai
would have to be controlled to assure unobstructed flow in all
sections of the canal, The yield from this canal would be increased
considerably if water were allowed to floﬁ freely from 1~29 Canal,
I~67A Canal, and L~28 Canal (See figure 3 for iocations.) to the
Tamiami Canal. The largest contribution would be from L~29 and

1~67A Canals.
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RESULTS OF HYDROGEOLOGIC TESTS ALONG.EAST PARX BOUNDARY

The Biscayne aquifer increases in thickness and permeability
along U.S. Highway 41 to the east of the Park boundary {See figure 3.).
Data from core borings and tests made several years ago by the Corps
of Engineers indicate the aquifer thickens to the south and in~
creases in permgability {See figure A~1 of Survey-Review Report om
Central and Scuthern Florida Project Southwest Dade County, October 15,
1963,) . .Recharge tests made in 3 core holes indicate the permeability
of the limestone section of the water-table aquifer 13 and 20 miles
south of U.S., Highway 41 is considerably greater than at 8 miles,
Quantitativé estimates of the permeability at these sites are not
avallable but the tests suggest that a sﬁfficient thickness of highly
permeable materials may be present less than 13 miles suth of U.S.
Highway 41 to - provide the desired yield to a gallery of reasonable

length,



Recent Cering and Testing

Six coxe holes were drilled along the east boundary of the
sverglades National Park between 7 and 12 miles south of U, S,
Highway 41 in 1965 (See fig. 4.). The borings were made by the
.5, Army Corps of Engineeré and hydrologic data were collected

by the Geological Survey. The cores were taken using a 5~foot

cote barrel and a diamond bit, Core recovefy in zones of moderate
permeability was nearly 106 percent whefeas recovery in zones cone
taining relatively high percentages of sand or highly porous rock
was small, Samples that contailned principally sand were taken
using a 2-inch drive sampler,

The section penetrated generally consists of foééiliferous
L imestone becomiﬁg increasingly sandy with depth. The Eart of the
Biscayne aquifer that would have the most significant influence on
the performence of a géllery is above the depth where the sandy
naterials predominate., The depths below the land surface 5t which

the sandy materials dominate are as follows (See fig. 4 for locations):

Well Number Depth in feet
1E : o : 28
2E : 29
3E 26
4E | ' _ 32
SE . | 32

6E : ' 36




\

The procedure followed in teéting along the east boundary con=
gisted of alternately core driiling 5-foot intervals of the aquifer
and performing recharge and/or discharge tests at each interval,
Recharge tests were made by puﬁping water into the test hole at a
rate sufficient to build up a head of 5 feet above the initial water
level for the zone tested. Inaccuracies developed both in recharge
and discharge tests because of leakage around the casing in most
{nstances., In cases where leakage apparently was small, a discharge
~ test was made, which consisted of pumping water from the test hole
at a kﬁown rate and measuring the drawdown of the water level,

After four of the sites were drilled and tested a packer device
was used to obtain better results in testing isoiated parts of the
cored holes to reduce leakage around the casing. Testing procedures
were as follows: (1) Casing was inserted 3 feet Inte each hole and
was cemented at the land surface; (2) The packer was inserted and
inflated 5 feet below the bottom of the éasing to separate the core
hole above from that below the packer; (3) A discharge test was made
by pumping f£rom the section of hole above the.packer, aﬂd water-level
measurements were made until the drawdown stabilized; (4} At completion
of pumping then the packer was 1o§ered at S;foot intervals and each interval
was tested until the bottom of the hole was reached. Determinations of
the coefficient of transmissibility for the limestone part of the aquifef
vYeTe made which géve an indication of the relative permeability of each

“I the zones.

L
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The following table gives the estimated coefficient of trans-

missibility at the 6 core-~hole sites along the east Park boundary.

Core hole Number

1

2

6

Although the limestone

E

E

E

E

Coefficient of
transmissibility,

med/ft

0.03
0.22
0.05
.30 C
1.80 | ' o

0.75

section thickens southward, the large variation

in transmissibility primarily reflects permeability differences.

If the part of the aquifer from which water is discharged 1is less

than about 60 percent of the total aquifer thickﬂess, the coefficient of

transmissibility computed from the observed specific capacity is less

than the actual coefficient of transmissibility., A method developed by

Jacob (1963, p. 273) was used to adjust for this partial aquifer penetration.



Table 1 gives estimates of the coefficlents of transmissibility at
cach site, based on selected tests of differént parts of the aquifer. The
relativg values for various penetrations in a given well give an indi- |
cation of permeability in different zones., For example, the test results
for core hole 1E suggest that the average permeability of the bottom half
of the limestone section is about twice that of the upper half. The
decrease in thé estimated coefficients of transmissibility with increa;e
in discharge rate shown for the tests on at.least 90 percent of the
aquifer at core hole 5 E is believed to be due to turbulent flow in and
adjacent to the hole, The value of gransmissibility associatedlwith the
lowest discharge rate is considered most representative of the aquifer at

that site,

—
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Table 1,-~Estimates of coefficlents of transmissibility.

based on selected specific capacity tests made

on different parts of the limestone section,

Estimated trans-
missibility in mgd
per foot {corrected
: -to account for partial
Jre Zone tested, in ft, Discharge rate penetration of tested)

te (see fieg, 4) below land surface in gpm zone
1E 0 = 10.5 _ 46 0.016
1E 0 - 10.5 46 0,014
1E 0~ 28.0 _1/ 91 - 0,028
2 E 0 - 10.5 47 - 0.32
2 E 0 - 15.6 48 0.29
2 E 0- 29,0 1/ 92 0,22
4 E 0~ 18.7 - 47 0,022 °
4 E 0 - 23.7 | 50 0.10
4 E 0 - 32.0 _1/ 51 0.30
5E 0 - 10.5 120 1.00
5 E 0 - 15,5 86 ' 0.76 .
5 E 0 =~ 20.5 90 ' ' 1.30
5E 0 - 29,5 _1/ 70 1,80
5 E 0-32 _1/ 180 - 1,20
5 E 0-32 _i/ 350 0.60
6 E 0 - 10 48 0,16
6 E 0 ~ 14,3 '- 50 : 0,10
6 E 0 - 16.3 57 0.42
6 E 0~32 _1/ 92 . 0.45

NEX: 0-32 1/ 170 0.75

!
Zone represents at least 90 percent enetrati




One of the assumptions in the development of the method to estimate
transmissibility using specific capacity data ié that the pumped water
comes from storage in the aquifer, Water was above ﬁhe lahd surface at
all sités except 6 E during most of the tests, The order of magnitude
of the error introduced by the ponded-water condition is believed to be
small because at most of the sites the material within about 3 feet of
land surface wés relafively dense and probably of low permeability. If

so, this would limit appreciably the effett of the ponding on the drawdown
in the core hole required to obtain any given yield,

The increase in the esqimated csefficient of transmissibility
with increase in discharge for the tests on 32 feet of the aquifer
at core hole 6 E probably indicates that the velocity at the highex
discharge rate was sufficient to remove fine-grained material from
solution holes in the vicinity of the core hole, thus increasing the

permeability,




AREAL VARIATIONS IN AQUIFER TRANSMISSIBILITY

The coefficients of transmissibility estimated from the tests
along the north and the east boundaries of the Park are shown on
figurel4 along with other determinations of transmissibility in the
vicinity. Thé data suggest that the transmissibility of the.aquifer
withiﬁéthe Park area is relatively low between U.S., Highway 41 and 10
miles to the south, rThe data also sﬁggest that tﬁe transmissibilicy
increases eastward and probably exceeds 1,000,000 gpd/ft in an area 3
or 4 miles east of the northeast corner of the Park,

Quantitative data on the aquifér transmiséibility south of the
southernmost core hole along the east Park boundary are lacking (See
figure 4.), Results of recharge tests obtained éarlier by the Corps
of Engineers on a cored well 20 miles south of U.S, Highﬁay 41 indicate
a transmissibility comparable to that obtained at well 5 E, This suggests
that the aquifer transmissibility is relatively unifbrm frém 11 to 20
miles south of U,S. Highway 41 aiong the bouﬁdary. Because of the
relatively high aquifer transmissibility, the area about 11 to 13 miles

south of Y.S. Highway 4L is consldered as a site for the proposed

infiltration gallery,




GALLERY DIMENSIONS

The dimensions of a gallery to provide a given quantity of water
for an appreciable period of time is governed in part by the trans-
missibility of the aquifer system. At the alternate site (See
fig. 1.), the varifation of aquifer transmissibility is large. The
problem of analyzing the performance of a gallery in an aquifér of
nonuniform transmissibility is quite difficult without use of
electronic computer facilities, whereas, the performance of a
gallery in an aquifer of uniform transmissibility equal.to about
the average aquifer transmissibility is much less difficult to
analyze and would give a reasonable approximation of gallery length
required to obtain 100 cfs for as long as 100 davs, As a first
approximation it is assumed that the aquifer transmissibility near
the alternate site is effectively uﬁiform and is between 1 and 2

mgd/ft.



Because the gallery would be used primarily during periﬁds of
drought it is aésumed that the aquifer would receive no replenish;
ment from rainfall. The nearest hydrologic recharge boundaries to the
aquifer are Conservation Area 3 to the north and the Levee 31 Canal
to the east, which are about 10 miles distant, Reﬁienishmeut to the
aquifer from those boundaries during a period of pumping for no more
than 100 days would be quite small compared to the amount pumped.
Thus, assuming no rainfall, practically all of the water pumped frpm a
gallery during a IOOFday period at the alternate site would be water
from aquifer storage, causing water levels in and around the gallery
to decline. continuously, Some water may be salvaged from evapotrans-

piration due to lowering of the water level by the pumping but this

has been neglected for the purpose of computation of gallery dimensions.




Engineers from the Everglades National Park have indicated that
a gallery 20 feet wide and 20 feet deep would be most practical to
construct and a drawdown not to exceed 8 feet would be acceptable,
Such a gallery would have in available storage about 1,2 million .
pallons ﬁer-lOOO feet of length., It ié assumed that a maximum feasible
gallery length is 20,000 feet with available storage of about 24 mil-
lion gallons., The amount of water from gallery stﬁrage after 100 ﬁays
of pumping would be less fhan half of 1 percent of the total water
withdrawn., Thus, gallery storage can be ignored in determining the
gallery length needed to produce‘lOO ¢fs with 8- foot lowering in
100 days.

" The authors know of no general method of determining the maximum
yield that can be obtained‘from a gallery of_given length after a given
period of pumping where the maximum drawdown in the gallery is specified.
In the special case where the gallery length is not lérge relative to
vallery width, a fairly accurate'approﬁimation can be obtained by using

formulas developed for flow to a pumping well.



Formulas developed for linear flow to an infinitely long drain
or stream give an approximation for the flow to a gallery of finite
length that has better accuracy where the gallery length is very large.
It was determined that neither approach would yield a sufficiently
accurate approximation for this particular case, |

A method was developed which consists of approximating the gallery
performance by that of a line of equally.séaced wells having diameters
equal to the gallery width, Using this method of gallery simulation
by wells it is estimated that a 20,000-foot gallery would be required
"to provide a sustained yield of 100cfs with a drawdown of no more than
8 feet for 100 days if the aqﬁifer storage and transmissibility are
0.15 and 2,000,000 gpd/ft. If the transmissibility is 1,000,000 gpd/ft,

a 20,000-foot gallery would yield only about 65 cfs.




EFFECT OF GALLERY DISCHARGE

The estimated drawdowns that would occur in the vicinity of a
20,000~ foot gallery assuming no recharge from rainfall and no evapo-

transpiration losses are shown in figure 6. Also assume that the

Figure 6 .~=-Caption on next page (belongs near here}.

coefficient of transmissibility of 2,000,000 gpd/ft is areally uniform,
the coefficient of storage is 0.15, and the water discharged from the
gallery was not recirculated.

' The drawdown contours around the gallery would be distorted some-
‘what from the symmetrical pattern shown on figure 6 because the aquifer
transmissibility is not uniform. Water-level studies iﬁ:this.area
suggest that during droughts the water table near the alternate site
generally slopes southward., Much of this flow normally would be dis-
charged to drainage canals or go to'evapétranspiration in areas to the
south., Thus, equal quantities of water would not enter the gallery from
the north and from rhe south, as suggested by ﬁigure 6, Water entering
the gallery would be intercepted floﬁ that otherwise would drain to
the south or water that would otherwise be lost by evapotranspiration

in the vicinity of the gallery.



Figure 6,--Estimated drawdowns in the vicinity of a 20,000-foot gallery

after pumping at 100 cfs for 100 days.




The water pumped for 100 days in a drought, in the amount of
20,000 acre feet, is éssumed as having been extracted from storage
in the aquifer. It represents a discharge from the system which is
additional to that which would have occurred naturally. It resembles
a borrowing of water froﬁ fpture supplies if the depletion of storage
from the aquifer is to be réplaced during an ensuing wet period when
excess water presumaﬁly will be available.

The lowering of ééter level by pumping, of more than 1 foot over
about 50 square miles, and less than 1 faot over an infinitely larger
a%ea,'would accentuate drought conditi&ns and would probably result
in a reduction of evapotranspiration. The amount of reduction may be
significant but is undetermined and would repfesent salvage of water,
The effects of such pumping upon ecologic conditions of the Park and
adjacent areas may be significant and need to receive further consider-'

ation before the pumping scheme is instituted,
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